Introduction. Peyronie's disease is the result of the formation of fibrous plaques in the tunica albuginea of the penis; typical presentations of the disease are represented by pain during erection, erectile dysfunction, and penile deformities, such as curvature, narrowing, and penile shortening. The most complex treatment is related to penile shortening. Aim. To find a safe procedure in penile shortening due to Peyronie's disease providing a satisfactory lengthening, allowing an early stabilization of the penis, and preventing axial tension on the neurovascular bundles during dilation. Methods. We describe a new lengthening surgical procedure based on a ventro-dorsal incision of the tunica albuginea, penile prosthesis implantation, and double dorsal-ventral patch grafting with porcine small intestinal submucosa. Three patients, affected by Peyronie's disease with penile shortening and erectile dysfunction, underwent this procedure with approval of our local ethical committee. We evaluated the penis lengthening, intraoperative and postoperative complications, patient's preoperative and postoperative sexual life satisfaction (International Index of Erectile Function [IIEF] questionnaire).
Introduction
Peyronie's disease is the result of the formation of fibrous plaques in the tunica albuginea of the penis; typical presentations of the disease are represented by pain during erection, erectile dysfunction, and penile deformities [1, 2] . The pain, an early and unsteady sign, usually regresses spontaneously and sometimes is improved by medical therapy [3] ; thus, in very few cases, it represents a clinical problem. Erectile dysfunction can be treated pharmacologically (usually by phosphodiesterase-5 inhibitors, less frequently using intracavernous injection) only when axial deviation and penile deformity is mild or not so severe to impair penetration. In patients who are not responders to medical therapy, or in the case of erectile dysfunction associated with significant penile bending, the placement of a penile implant, with or without plaque surgery, can be adopted [4] . Penile deformities include curvature, narrowing, and penile shortening. Indeed in some patients, the fibrous plaque is extensive and involves the whole circumference of the penis and the septum, resulting in penile shortening rather than angulation during erection. The surgical intervention is usually adopted for the treatment of severe penile deformities.
Penile curvatures, without erectile dysfunction, can be corrected through plaque surgery [5] [6] [7] [8] [9] [10] [11] or using Nesbit technique [12] [13] [14] [15] . The most complex treatment is related to penile shortening. Recently, the use of penile extenders, employed to stretch the penis under a gentle tension, has been introduced in the clinical practice, recording in some cases an increase in penile length [16, 17] . Among the surgical strategies, the division of the suspensory ligament can result in a lengthening of the free portion of the shaft, without a real lengthening of the corpora cavernosa and with a low rate of satisfaction for the patients. This technique should be considered if associated with other surgical procedures [18] . Since the first report of Rigaud and Berger in 1995, circular relaxing incision, apposition of one or more patches of various materials and positioning of a penile implant has been widely employed and accepted for the treatment of severe shortening with erectile dysfunction [19, 20] . Other authors suggested the use of a variable geometry prosthesis (AMS 700 LGX, Minnetonka, MN, USA), in patients needing prosthetic surgery or an implantation of a temporary intra-cavernous expander (Apollo Prosthesis, Giant Medical Corporation, Cremona, Italy), to be replaced by a definitive prosthetic implant [21] .
Aims
We propose a personal, new, safe procedure in penile shortening due to Peyronie's disease, with an original ventro-dorsal incision of the tunica albuginea, providing a satisfactory lengthening and an early stabilization of the penis, preventing axial tension on the neurovascular bundles during the procedure.
Methods
A prospective study concerning three patients, aged 50, 61, and 67 years, complaining of shortened penis without major curvatures, erectile dysfunction, inability to satisfy the sexual partner, and strong dissatisfaction about their shortened penis is presented in this article. A diagnosis of Peyronie's disease was made in all the three cases. The patients asked us to correct both erectile dysfunction and penile shortening, deemed excessive for a satisfying sex life. The average flaccid stretched penis length, measured from the pubo-penile angle to the tip, was 7.5-8 and 9.5 cm, respectively.
Patients were then proposed for penile grafting, according to our procedure, and prosthesis implantation. Two of them underwent an implantation of a non-inflatable penile prosthesis, and the last one of an inflatable three-component penile prosthesis.
All patients were extensively informed about the procedure and provided a written consent for plaque incision, grafting, and penile prosthesis implantation.
The surgical procedure was performed according to the ethical standards of the Helsinki Declaration and with the approval of our local ethical committee.
Surgical Technique
The procedure is performed under spinal anesthesia. Antibiotic prophylaxis is performed with piperacillin and amikacin. A first circumferential subcoronal incision is made, and the penis is degloved to the penile root. The penis is extracted from the skin through a second penoscrotal incision. The Buck's fascia is then longitudinally incised at the sides of the corpora cavernosa, and the dorsal neurovascular bundle is isolated in centripetal direction, for almost the entire length of the penis to be able to get the maximum elongation. Then the corpus spongiosum of the urethra is separated from the corpora cavernosa. Two longitudinal incisions of the tunica albuginea are then carried out on the sides of the two corpora cavernosa; the first incision at 3 o'clock on the left (a l − > b l ), the second incision at 9 o'clock on the right (a r − > b r ). The length of the incision should be adapted to the possible stretching of the neurovascular bundle. In all the three cases, a 4-cm lateral incision was obtained. A dorsal semicircular incision is made to connect the upper ends of the lateral incisions (a l − > a r ) and a second semicircular ventral incision is made to connect point b l to point b r ( Figures 1A and 2 ).
Figure 1.
A schematic view of the procedure. 1A: 4-cm longitudinal incisions of the tunica albuginea are then carried out on the sides of the two corpora cavernosa; the first incision at 3 o'clock on the left side (al → bl), the second incision at 9 o'clock on the right side (ar → br). A dorsal semicircular incision is made to connect the upper ends of the lateral incisions (al → ar) and a second semicircular ventral incision is made to connect the point bl to point br. 1B: Incision and dissection of the tunica albuginea from the cavernous tissue and from the septum, a gentle traction is exerted on the glans, thus obtaining a real lengthening of the distal part of the penis from the proximal one. The stretching is arrested when the neurovascular bundle reached the maximum length. Finally, two 3/0 polyglycolic sutures are applied between the two lateral portions of the albuginea still mated.
Figure 2.
The stretching is arrested when the neurovascular bundle reached the maximum length. View of the right side of the penis. After incision and dissection of the tunica albuginea from the cavernous tissue and from the septum, a gentle traction is exerted on the glans, thus obtaining a sliding of the distal part of the penis from the proximal one ( Figures 1B and 3 ). The stretching is arrested when the neurovascular bundle reached the maximum length. Two 3/0 polyglycolic sutures are applied between the two lateral portions of the albuginea still mated. Two rectangular and bow-shaped defects of tunica albuginea remain: the first one, dorsal and proximal and the second one, distal and ventral. From the proximal part, dilation of both corpora cavernosa and the measurement of their length are performed with Subrini's dilators. This dilation can be easily performed without the risk of longitudinal traction on the neurovascular bundle or urethra, as the distal and proximal part of the penis are well established by the sutures on the two longitudinal incisions previously applied. The two cylinders of the prosthesis are easily inserted in the two corpora cavernosa. The two losses of substance were then covered with two rectangular grafts of porcine small intestinal submucosa (Figure 4 ). In the case of an inflatable penile prosthesis implantation, we suggest to place the double dorsal-ventral patch graft before inserting the two cylinders in the corpora cavernosa, in order to prevent the risk of damaging them. The operation ends with circumcision, leaving a small drainage tube. 
Main Outcome Measures
We evaluated postoperative penile lengthening, intraoperative and postoperative complications, patient's preoperative and postoperative sexual life satisfaction (International Index of Erectile Function [IIEF] questionnaire) [22] .
Results
The average operative time was 2 hours and 50 minutes. No major intraoperative nor postoperative complications occurred. No significant bleedings were recorded. Patients were discharged after 48-72 hours.
The increase in length obtained in patients 1, 2, and 3 was 4, 2.5, and 3 cm, respectively. All patients resumed sexual intercourses with satisfaction; no significant loss of sensitivity nor any sign of vascular distress of the glans was recorded. The follow-up is 13 months. The IIEF questionnaire was completed by the three patients preoperatively, and 3.6 and 12 months postoperatively. The average score passed from 24 preoperative baseline (including both erectile function and satisfaction domain) to 44 at 3 months, 50 at 6 months, and finally 60 at 12 months. No complications were recorded.
Discussion
Peyronie's disease refers to acquired penile deformities during erection such as curvature, indentation, hour-glass effect or shortening. The curvature of the penis is the most frequent one, and sometimes, in the case of a major deformity, it can lead to the impossibility to have sexual intercourses.
Many therapeutic solutions have been proposed for severe curvature in Peyronie's disease.
Penile curvatures can be corrected through Nesbit technique [12] [13] [14] [15] or through plaque surgery [5] [6] [7] [8] [9] [10] [11] . The surgical technique proposed by Nesbit in 1993 consists in an albuginea plication on the longer side of the corpora cavernosa associated to a small albuginea excision. This procedure leads to the straightening but results also in a significant shortening of the phallus [12] . Many procedures based on plaque surgery have been proposed by different authors.
In 1974, Horton and Devine devised a procedure using a dermal skin graft after excision of the Peyronie's plaque to fill the corporal defect. The success of this procedure has been widely reported and adequate patient selection produces excellent results in most of these patients [23] . Lue proposed in 1998 an H-shaped tunica albuginea incision on the plaque in order to release the contracture with a venous path graft [24] . Egydio suggested a plaque surgery characterized by plaque section with the application of geometrical principles to define the precise site and size of tunica albuginea incision and grafting procedure [5] . Shaeer suggested a trans-corporal incision, a minimally invasive endoscopic approach for plaque incision from within the corpora cavernosa, restoring straightness and length to the penis, before calibration of the corpora cavernosa, allowing implantation of a longer prosthesis in a straight penis, with neither mobilizing the neurovascular bundle nor a secondary incision [11] . Finally, Austoni suggested a soft prosthesis implant and relaxing albugineal incision with saphenous grafting with very high rates of patient satisfaction [25] . In some patients, the fibrous plaque is extensive and involves the whole circumference of the penis, and the septum results in penile shortening rather than angulation during erection [20] .
Several therapeutic solutions have been proposed for severe penile shortening without major curvature in Peyronie's disease.
Stretching of the of penis, with special external medical extenders, can lead in some cases to a moderate extension.
Levine and Gontero have recently raised the use of a new medical device, developed for the treatment of Peyronie's disease, utilizing controlled periodic stretching of the penis. The device works by holding the penis in a cradle and subjecting it to gentle stretching, the tension being provided by small metal extensions that are added to the cradle frame to provide traction against internal springs [16, 17] . Among the surgical procedures, Alter proposed the division of suspensory ligament that provides a lengthening of the free portion of the shaft. But while this procedure can give a useful additional benefit in terms of shaft lengthening if associated with other surgical procedures, it does not provide any satisfactory result if it is performed as a single procedure [26] . Recently, Li reported that the division of the penile suspensory ligament may increase penile length, but usually does not lead to a degree that satisfies the patient [18] . A little gain in patients undergoing prosthetic surgery can be achieved using a variable geometry prosthesis (AMS 700 LGX). This three-piece inflatable implant is characterized by expandable cylinders, and it can lead up to 2 cm length expansion [27] . Nevertheless, one should note that the use of these kind of prostheses is safe only in patients with retraction but without curvature, because when the implant is activated in a bended shaft there is a risk of aneurysm and/or fissuration of the corpus cavernosum and even of the extrusion of the prosthesis on the convex side of the curvature. L. Subrini thought up the implantation of a temporary intra-cavernous expander ("Apollo") to be changed by a definitive prosthetic implant, after a satisfactory enhancement has been achieved; this solution is applicable also in the presence of an axial deviation and usually provides good results, but requires a good compliance of the patient and requires a second procedure to place the definitive prosthesis [21] . Many authors described lengthening techniques based on relaxing incision of albuginea in patients affected by Peyronie's disease without a major curvature of the penis.
Rigaud proposed, in patients with inadequate preoperative rigidity and severe penile shortening, to fit the corpora cavernosa with an appropriately sized nonlenghtening inflatable prosthesis. Multiple bilateral transverse incisions on the tunica albuginea were than performed to lengthen the penis. A rear tip extender was then added to the prosthesis after lengthening to ensure proper fit. The corporal defect was left uncovered, and the penile skin was pulled back over the shaft [19] . Montorsi experienced a multiple relaxing incision of the tunica albuginea and subsequently positioning a three-piece inflatable penile implant with a 3 cm gain in length [28] . Rigaud, in 1995, proposed, after the insertion of an appropriately sized prosthesis, to perform a circular incision of the tunica albuginea around the penis, included the septum, which allowed the distal shaft to be thereby telescoped forward. Rear tip extenders were then added onto the prosthesis to ensure proper fit. The corporal defect was then covered with polytetrafluoroethylene patch [19] . T.F. Lue evaluated the results of chronic intermittent stretching with a vacuum erection device after the same circumferential tunical incision and circular venous grafting with satisfactory results [20] . Sansalone et al. have recently evaluated the results of a circumferential tunical incision during penile prosthesis implantation in patients with Peyronie's disease and severe penile shortening in a multicenter prospective study with high satisfactory results (29) . Our double dorsal-ventral patch graft procedure ("sliding technique"), compared with the division of the suspensory ligament, which changes the relationship between the free part and fixed part of the penis, provides a real lengthening of the corpora cavernosa.
The multiple incision technique has the advantage of extending the corpora cavernosa but reduces the diameter and the girth of the penis [19, 28] . When a 360° circular incision is performed, a gentle traction can result in a significant lengthening of the penis, until the neurovascular bundle reaches a state of tension [19, 20] . According to our experience, every procedure performed after a complete circular incision of the tunica albuginea can be dangerous, providing a stressing axial traction on the neurovascular bundle and the urethra. Our proposed "sliding technique" combines the effectiveness of "classic" circular incision in terms of length gain with a higher safety level, because the sutures early placed on the two transverse incision ( Figure 1B) allow to stabilize the structure of the penis at the maximal obtainable length, thus the dilatation of the corpora cavernosa and the insertion of the prosthesis can be performed without the risk of dangerous longitudinal traction on the neurovascular bundle and the urethra. Moreover, it is not necessary to make further corporotomies for the dilatation of the corpora cavernosa to insert the prosthetic cylinders, as this is easily done through the semicircular proximal incision. The suture of the two grafts that are prepared and placed with the usual technique adopted in plaque surgery is extremely easy. Furthermore, no major preoperative nor postoperative complications were detected in our study. Finally, no loss of sensibility nor ischemic lesions of the glans were detected, thanks to the safe axial tension exerted on the neurovascular bundle during the sliding of the penis.
Conclusions
Our "sliding technique" is an innovative procedure that is based on current techniques of plaque incision and grafting and that can easily resolve severe shortening of the penis due to Peyronie's disease. In the three cases presented, this procedure resulted easily, effectively, and safely. Nevertheless, the technique proposed in this article is characterized by a significant dissection of the penis and an important incision of the tunica albuginea. Therefore, in order to analyze the possible risk of glans ischemia and penile prosthesis distal erosion, the safety of this procedure shall be validated through prospective studies with larger samples.
